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Abstract 

Water use system innovations encompass various techniques for storing and conserving water resources in different mediums for 
domestic and livestock use including agricultural production. Such innovations for agricultural production are intended to 
conserve and preserve sufficient soil moisture in the root zone for crop uptake during the transpiration process, by encouraging 
infiltration and also by storing surface runoff for supplemental irrigation during dry spells. The rationale of adapting and adopting 
these water use system innovations is that, though seasonal amounts of rainfall (monthly, annual) may perceived to be adequate 
for crop production, its temporal distribution is poor in most of sub-Saharan countries and hence soil moisture deficits occur 
during crucial stages of crop growth. Careful management of moisture in the root zone provides opportunities to mitigate periods 
of soil water stress in the crop growing cycle. Although, several authors have indicated that rainwater harvesting techniques, 
especially for upgrading smallholder farming systems, are not new but have been practiced since ancient civilizations, the impacts 
of such water use innovations on eco-hydrological systems are rarely assessed, especially from a cascading spatial and temporal 
perspective. The need to quantify the supposedly potential and related hydrological impacts of water use innovations on a 
catchment and river basin at large led to the on-going research study aimed at investigating the biophysical consequences at 
different spatial and temporal scales in the Thukela river basin, of increased productivity in rainfed agriculture enabled through 
adoption at larger spatial scale of integrated land use management and water use system innovations. In this paper we discuss and 
outline of the approach used in setting up the research study in one of the catchments in the Thukela river basin, the the Potshini 
catchment, in the KwaZulu-Natal Province of S. Africa in an effort to seek answers to on the question: “What is the impact of 
adapting water use innovations in a predominantly agricultural area on catchment ecology and hydrology?” The approach 
incorporates a catchment monitoring network, hydrological modelling and application of a remote sensing technique, the Surface 
Energy Algorithm for Land (SEBAL), for spatially estimating the actual evapotranspiration and relative root zone soil moisture 
content in the region covering the Potshini catchment and beyond. It is envisaged that at, on accomplishment, the study will 
contribute to formulation of sustainable adaptation of water use innovations and up-scaling strategies to enhance food production 
and hydro-ecological balance in semi-arid savannahs of Africa, at which stage hydrological modelling will form an important part 
of the study. 
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1.0 Introduction 

The hydrological response of a catchment, as used in this context, can generally be defmed as the reaction of a catchment to 
rainfall. Every catchment has a specific response to rainfall and which is related to hydro-climatological and physical 
characteristics, such as soil parameters, slope, climate etc. Some of the catchment characteristics can be obtained through 
measurements at specified spatial and temporal scales depending on their frequency and nature of occurrence and required 
resolution of data for meaningful analytical work when addressing questions related to catchment response. There are several 
factors that may influence a catchment response and can broadly be identified with change in land use/cover and climatic change. 
The influence or impact of climate change to catchment hydrology may not be depicted within a short term, as emerging trends of 
climatic parameters may indicate randomness rather than systematic pattern as compared to land use change. It should be noted 
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that causes of climate change are often not localized as compared to landuse change and thus making it easier to monitor and 
investigate impacts of landuse changes on the hydrological regime of a catchment and possibly impacts of the same to the 
downstream ecosystems. This can be achieved through establishing a catchment monitoring network, a task that was 
accomplished at the Potshini catchment in the foothills of the Drakensberg Mountains under the ongoing research programme, the 
Smallholder Water System Innovations (SSI) at the University of KwaZulu-Natal. The SSI research programme has the general 
objective of assessing the extent to which water management in rainfed smallholder farming can assist in securing human 
livelihoods in semi-arid tropical Savannahs in sub-Saharan Africa, together with trying to analyse the downstream hydrological 
implications of upgrading rainfed agriculture through adoption and adaptation of water use innovations e.g rainwater harvesting. 
Figure 1.0 indicates an overview of the Thukela river basin and the Potshini catchment. The Potshini catchment monitoring 
network facilitates the monitoring of the main hydrological processes in the predominantly agricultural catchment whilst 
recognizing the existing heterogeneity in such a catchment. Heterogeneity exists at any scale under consideration and it is a great 
challenge to hydrologists and water resource managers to uniquely defme and quantify various hydrological processes in a 
catchment and establish the link between such processes and scales, both spatial and temporal. Such a challenge is further 
convoluted by the existence of a linlc between variability of hydrological processes and heterogeneity of the catchment (Jewitt and 
Görgens, 2000). This paper highlights the design and implementation of the field data collection programme, the importance of 
involving the local community in the process and preliminary research fmding firom the Potshini catchment. 



Figure 1. An overview of the Thukela river basin and the Potshini catchment 


2.0 The Potshini Catchment 

The Potshini catchment is predominantly a smallholder farming area and a sub-catchment of the Emmaus catchment in the 
Thukela river basin in the foothills of the Drakensberg Mountains in South Africa. Figure 1 shows the location of Thukela river 
basin together with the stream network at the Potshini catchment. The Thukela river basin has an area of 29,036 km 2 , while the 
area of Emmaus catchment and Potshini sub-catchment are 280 and 1.2 km 2 respectively. The mean annual precipitation at 
Potshini is estimated to be 700 mm and the estimated mean annual potential evaporation is between 1600 to 2000 mm at an 
elevation of about 1250 meters above sea level (BEEH, 2003). Due to the hilly terrain, a good drainage network has developed in 
the Potshini catchment with most of the streams being perennial and providing water for domestic use to the upper part of the 
catchment, while replenishing reservoirs for commercial farmers downstream. Extreme low flows occur in winter (June to 
August). The main river, which drains the Emmaus catchment is the Lindequespruit, a tributary of the Little Thukela which later 
joins the Thukela river. The soils at the Potshini catchment are generally acidic with varying depths from 1.8m to over 3m on the 
lower parts of the catchment. Due to the need to intensify agricultural production in the area for food security, various agricultural 
management practices have been adapted in the Potshini catchment through the National Landcare programme in the Bergville 
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district, notably conservation agriculture (a water use innovation). There is a great potential for adoption of such practices in the 
area due to the successful results obtained so far where smallholder farmers have managed to increase their crop production per 
unit area by appreciable margins (Smith et al., 2004). The farmer-to-farmer participatory learning process, a participatory action 
research approach introduced in the area by the Agricultural Research Council (ARC), the implementing agency of the National 
Landcare programme in the Bergville district has been extremely successful in achieving the uptake of new techniques by the 
local farmers. 

3.0 Water Use Innovations 

According to Pandey et al., (2003), water use innovations are not new, but have persistently been developed and adopted by 
mankind as an adaptation to climate change since ancient civilizations. These innovations are either locally inspired or adapted 
from other regions. In the past few decades, efficient communication networks have greatly influenced and enabled technology 
transfer and hence adaptations of water use innovations in various regions of Africa. Water use innovations encompass various 
methods and strategies for mitigating drought in an effort to sustain livelihood. These innovations are water harvesting techniques 
for concentrating, storing and collecting surface runoff water in different mediums, for domestic or agricultural uses. Runoff can 
be collected from roofs or ground surfaces (rainwater harvesting) as well as from seasonal streams (flood water harvesting). The 
various methods for harvesting runoff can be distinguished after the following (Rockström, 2000): 

o Source of the surface water (extemal or within-field catchments from sheet, rill, gully or stream flow) 

o The method of managing the water (maximising infiltration in the soil, storing water in tanks/dams, inundating crop fields 

with storm floods) and 

o The use of water (livestock, households, crop production and erosion management). 

Water harvesting practices generally contribute to an increase in the recharge of water to the root zone and fmally to the water 
table and operate at different scales (household, field, catchment and basin). Such practices have the potential to affect water 
availability and management for downstream water users and natural ecosystems due to reduced catchment water yields. Water 
harvesting for crop production, if successfully implemented within a social and hydrological catchment, will have many 
interacting implications on biophysical, economic, and ecological systems, suggesting that a systems approach be considered 
when promoting such innovations (Rockström, 2000). A systems approach would involve studies on different biophysical 
disciplines within a watershed and linkages between the agro-ecological system and rural society among others. It is important to 
understand these interactions and implications at different spatial and temporal scales before promotion and adoption of water use 
innovations in a catchment and river basin at large and it is the issue that this study aims to address. 

Rockström (2000) cited SSSA (1987) as have defmed conservation tillage as any tillage sequence having the objective to 
minimize the loss of soil and water, and having a operational threshold of leaving at least 30 percent mulch or crop residue cover 
on the surface throughout the year. Conservation tillage aims at reversing a persistent trend in farming systems of reduced 
infiltration due to compaction and crust formation and reduced water holding capacity due to oxidation of organic materials (due 
to excessive turning of the soil). From this perspective, conservation tillage qualify as a form of water harvesting (and hence a 
water use innovation), where runoff is impended and soil water is stored in the crop root zone (Rockström et ak, 1999). 
Conservation tillage covers a range of non-inversion practices from zero-tillage to reduced tillage which aim to maximize soil 
infiltration and productivity, by minimizing water losses (evaporation and surface runoff) while conserving energy and labour. 
GHARP (2002) indicated the successes of conservation tillage in harnessing rainwater and improving yields (more than 50%) 
particularly in Machakos and Laikipia districts of Kenya. 

3.1 Estimation of the “Green Water Flows” (Total Evaporation) 

Increased levels of water resource management require increased accuracy in the quantification of various components of the 
hydrologic cycle especially the “Green” water flows (Falkenmark, 1995, Savenije, 1999,) i.e the gross return flo w of water to the 
atmosphere-total evaporation(evapotranspiration) in the form of water vapour, which includes a productive part as Transpiration 
( T) and a non-productive part as direct Evaporation ( E ) from the soil, lakes, and from the part of Precipitation ( R ) intercepted by 
canopy surfaces. According to Rockström (1999), in semi-arid tropical agriculture, direct Evaporation ( E ) generally accounts for 
30-50% while transpiration (7) account for only 15-30% of total rainfall received. Evapotranspiration (ET) is highly variable over 
time and space and any effort towards enhancing the ability to confidently quantify it at large spatial scales is recognized as a key 
issue in water resources management. The challenge in determining the spatial and temporal variation of E t over large areas is 
compounded by the many factors that influence its occurrence and prevalence and hence make it the most difficult parameter to 
determine in hydrology. The conventional approaches for quantifying ET has been based on localized point measurements which 
do not allow the flux estimation over large geographical areas. These approaches include direct measurements (evaporation pan, 
Lysimeters etc.), climatic stations (eddy correlations, Penman, Bowen ratio etc) and hydrological models (water balance). Remote 
sensing data provided by satellites are a means of obtaining consistent and frequent observation of spectral reflectance and 
emmitance of radiation of the land surface on micro and macro scale from which actual ET can be retrieved (Bastiaanssen et al., 
1998). The main disadvantage of remote sensing approaches for estimating actual evapotranspiration is the limitation of accessing 
quality and timely data due to the influence of weather (cloud free images are required) and time overpass of satellite sensors, 
(Tasumi et al., 2003). One of the remote sensing approaches applied in this case study is the Surface Energy Balance Algorithm 
for Land (SEBAL), (Bastiaanssen et al., 1998 a&b, Bastiaanssen, 2000). SEBAL is an energy partitioning algorithm comprised of 
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twenty-five computational sub-models that calculate actual evapotranspiration and other energy exchanges at the earth’s surface 
(Bastiaanssen, 1998a &b, 2000). The algorithm computes most essential hydro-meteorological parameters and requires limited 
ground based meteorological data (Farah and Bastiaanssen, 2001). Only incoming solar radiation, air temperature and wind speed 
data is required. SEBAL estimates actual evapotranspiration as the residual of an energy balance applied to the land surface for 
each pixel of the satellite image i.e 

LE = R n -H-G (1) 


where: 

LE = is the latent heat flux (W.m' 2 ) 

R n = is the net radiation (W.m' 2 ) 

H = is the sensible heat flux (W.m' 2 ) 

G = is the soil heat flux (W.m' 2 ) 

One of the intermediate outputs of the SEBAL algorithm is the sensible heat flux for each pixel of the satellite image and this 
gives an opportunity to calibrate the satellite image using measured sensible heat flux data obtainable from a Large Aperture 
Scinitillometer (LAS) as is will be applied in this study. The Large Aperture Scintillometer (LAS) is an instrument that measures 
the turbulent intensity of the refractive index fluctuations of air from the intensity fluctuations of a received signal (Cain et al., 
2001). This signal is transmitted by a light source placed at a given distance apart (typically less than 10 km). At the receiver the 
spatial turbulent intensity is measured as a refractive index structure parameter C n 2 (m' 2/3 ) which can be related to the structure 
function parameter of temperature C 2 T (K 2 .m' 2/3 ). Additional data on temperature, pressure and humidity are necessary to compute 
the structure function parameter of temperature which can then be converted to sensible heat flux (Kite and Droogers, 2000). An 
important feature of the scintillation technique is that, although the measurement is along a path of a light beam, this is actually an 
estimate of sensible heat flux over an area because of the wide fetch (Meijninger and Bruin, 2000). The method therefore forms an 
intermediate scale between field (point measurement) and the large-area remote sensing estimates with no instrument calibration 
requirement. 


4.0 Establishment of a Catchment Monitoring Network 

The Potshini catchment monitoring network comprises of gauging structures and instruments, most of them automated, for 
measuring and monitoring stream flows, sediment load, runoff generated from runoff plots, shallow ground water table, 
volumetric soil moisture content, soil moisture wetting front, soil infiltration rates, crop transpiration rates and other 
meteorological parameters. The Potshini catchment monitoring network was established to fulfill a threefold mission aimed at: 

o Monitoring the hydro-climatological regime of the Potshini catchment in an effort to achieve an in-depth understanding 
of the hydrological regime of the catchment and in an effort to investigate the hydrological impacts of adoption and 
adaptation of water use innovations in the Potshini catchment. 

o Establish and enable a capacity to assess, monitor, and manage water and environmental resources in the Potshini 
catchment especially to the local community. 

o Provide an opportunity for future and further research through the establishment of a catchment monitoring network 
with a potential for upscaling and integrating into other networks. This is not withstanding the important process of 
engaging the local community in the monitoring network, firstly, through establishing cordial relationship with the local 
leaders and the community at large and involving the community in the monitoring activities. 


4.1 Climatic Parameters 

Rainfall is one of the main parameters that drives the hydrological cycle in a catchment and hence the need to accurately estimate 
its occurrence, both spatially and temporal. Manual raingauges, if well managed, can provide relatively accurate daily rainfall data 
in a catchment and their affordability, availability and the ease to install and take readings makes them attractive especially to 
smallholder farmers. The fact that an individual has to take readings from a manual raingauge on a daily basis promotes the 
philosophy of participatory catchment monitoring to the Potshini community where some of the smallholder farmers are 
voluntarily recording daily rainfall from manual raingauges installed in their farms/homesteads. After a reconnaissance survey in 
the catchment, 8 potential sites were identified in the 1.2km 2 Potshini catchment for installing manual raingauges, and which were 
homesteads in the Potshini community. The members of the identified homesteads were then approached, especially the head of 
the homestead, to seek permission to install the manual raingauges and most importantly their goodwill in taking daily rainfall 
readings. There is a cordial cooperation and participation from all homesteads so far approached and in each homestead, a person 
has been identified to be responsible for taking readings from the manual raingauge. Each manual raingauge is accompanied by a 
rainfall data recording booklet which is translated into the local language, the IsiZulu. The recording of rainfall is done twice a 
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day, i.e at 09h00 and 17h00, from which the daily average rainfall could be computed as the average of the morning and evening 
readings 


The SSI programme has been collaborating with the ARC-Landcare project in Bergville district (Smith et al., 2004) in research 
and sharing of information and data has been one of the key attributes of such collaboration. This research study has continued to 
benefit and get access to the meteorological data from the ARC telemetric weather station which is located approximately 4km 
downstream of the Potshini community and close to one of the stream flow gauging structures, i.e the pressure transducer. 
Uploading of data from this weather station is on a daily basis, both hourly and daily data time steps. It is envisaged that another 
weather station will be set up at the Potshini catchment, in the midst of the community, before the end of August 2005 and which 
is expected to augment the downstream ARC weather station in depicting the spatial variation of weather parameters in the area. 

4.2 Stream Flow Measurements 

Stream flow at the Potshini catchment is monitored at two locations by use of an H-flume and a Pressure transducer coinciding 
with nested catchments of 1.2 and 10km 2 respectively. Voltage measurements of the pressure transducer are logged after every 5 
minutes with a HOBO data logger and the acquisition of the stream flow data involves the translation of the output voltage signal 
of the pressure transducer into stream flow depths using a rating curve for that section. The H-flume has a discharge capacity of 
3.34m 3 /s and governed by a set of 3 rating equations, each describing a unique stage-discharge relationship for a given range of 
flow depth (Ackers et al., 1978) corresponding to high, low and intermediate flows. The design of the H-flume is described in 
detail in Kongo et al., (2005). The H-flume is also equipped with an ISCO sampler with a capacity of 24 sampling bottles and 
which is controlled by the MCS data logger. The sampling scheme has been programmed to take into account the variation of 
flow by taking frequent samples during a changing flow. This is due to the fact that water quality (e.g sediment load) will show 
less variation at constant flow and hence less frequent sampling is required at constant flow. 


4.3 Runoff Plots 

A standard runoff plot, as described by the Soil Conservation Services (SCS), measures 22.13 m long with an appropriate width of 
greater than 2m on a slope of 9%. Such a runoff plot is used in estimating the soil erodibilty factor in the Universal Soil Loss 
Equation-USLE (Wischmeier and Smith, 1978). However, the 9% slope is hardly achieved especially in agricultural fields, and 
hence the approach and focus in this study is on investigating hydrological processes within a runoff plot (a controlled micro 
catchment) and trying to compare such results from other runoff plots under different treatments but on similar slopes of less than 
9%. This approach was adopted in designing the 11 runoff plots which were installed in the Potshini catchment, in an effort to 
investigate the influence and impact of conservation agriculture practices i.e water use innovations, on surface runoff generating 
characteristics in the predominantly agricultural catchment. The 11 runoff plots were designed while taking into account the 
rainfall intensities in the area. The dimensions of the runoff plots were 10m long and 2.45m wide and strips of 0.245m wide 
galvanized sheet metal was used to demarcate the area under each runoff plot. The knowledge of the rainfall intensity was useful 
in an effort to estimate the size of the tipping buckets, which are being used to measure surface runoff, and subsequent calibration 

of the tipping volumes. 

4.4 Soil Moisture Profiling 

The monitoring of the volumetric soil moisture in the Potshini catchment is being implemented by use of the Time Domain 
Reflectometry (TDR). The concept of TDR involves measuring the bulk electrical conductivity of the soil within a radius of 
150mm and converting it into volumetric soil moisture content at any depth. This is facilitated by use of access tubes which are 
inserted into the soil profile to convenient depths. Several methods have been suggested on how to insert these access tubes into 
the soil and one of them is by pre-boring holes with appropriate soil augers, of relatively small diameter, and inserting the access 
tubes into the augered holes as was done in the Potshini catchment. A total of 16 access tubes of different lengths ranging from 
1.2m to 1.5m have been inserted in various sites in the 1.2 km Potshini catchment, most of them being in the runoff plots under 
different land management practices. A weekly regime for monitoring volumetric soil moisture in the Potshini catchment has been 
established, where readings have continued to be taken at different depths of 30cm interval in each access tube. 


4.5 Shallow Observation Ground Water Wells 

Through the collaboration and participation of the Potshini community, 14 shallow observation groundwater wells were installed 
in the Potshini catchment. Since the catchment is predominantly an agricultural area for smallholder farmers, following a 
reconnaissance survey, permission was sought from the local leaders and individual farmers to allow the augering of the 100mm 
holes in some of the farms on transects. The wells were strategically installed at sites where they could not interfere with the 
farming activities (at the edges or boundaries of farms), considering the fact that most of the farming operations in the area make 
use of animal and or tractor drawn implements. Two transects, one on each side of the catchment, were identified and running 
more or less perpendicular to the general slope of the catchment. The relatively shallow soils on one of the transects restricted the 
augering of the 2 wells to a depth of 2.4m while the rest were up to a depth of 3m. The basic approach was to auger the wells as 
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deep as possible to depths reaching the bedrock. Special 63mm diameter plastic pipes and of appropriate lengths were inserted 
into the augered wells such that at least 0.4m length of the pipe was above the ground surface. These special pipes have minute 
perforations at the bottom to a length of 0.6m. It is through such perforations that the shallow groundwater seeps into the pipe 
upon which the monitoring of fluctuation of the shallow groundwater table can be effected. To avoid clogging of the minute 
perforation by the fme clay soil at the bottom of the wells, a clean (washed) sand screen was packed around the plastic pipes 
covering the perforations to a height of 0.8m from the bottom of the wells. For each well, the rest of the well’s depth was filled 
with the previously augered soil material save for the top 0.3m, where a cement motar was cast around the 63mm plastic pipe 
before a 0.4m x 0.4m concrete slab was cast at the top to a level slightly above the ground surface. Such cement and concrete 
works are to prevent any preferential flows from either side around the pipe when the soils are saturated during wet seasons. 


4.5 Green Water Flows 

A subset of cloud free 7-band satellite Landsat-ETM image (path 160, row 080) with a spatial resolution of 30m was used in 
estimating the actual evapotranspiration using SEBAL in this case study. The subset of the image, Figure 2, covered part of the 
Thukela river basin and the whole of the Potshini catchment. The acquisition date for this image was on 2 nd March, 2001 and was 
freely downloaded from the Global Land Cover Facility (GLCF)-Earth Science Data Interface website. The fundamental idea in 
this satellite image processing exercise was to initiate a process - the spatial estimation of actual evapotranspiration using remote 
sensing techniques in the Thukela river basin and hence the date of acquisition of the satellite image was not of major concern. It 
is the expectation of this study to apply the SEBAL algorithm in real time situations and using the freely available 
NOAA/AVHRR images (with spatial resolution of 1.1 km) which has the advantage of almost daily scene coverage. In this case 
study, the 25 sub-models of the SEBAL algorithm were regrouped into 20 computational steps and which can broadly be 
classified into five general steps (Mohamed et al., 2004) as: 

1) Pre-processing of the satellite image 

This involved geometric and radiometric correction of the image and conversion of the digital numbers into spectral radiance and 
surface reflectance using the Plank’s radiation equation. The relative distance between the earth and the sun in astronomical units 
was computed using the Allen et al, (1998) method. 
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Figure 2. A subset of a Landsat7-ETM satellite image (path 160, row 080) used for estimation of actual evapotranspiration using 
SEBAL algorithm 


The albedo adjusted for atmospheric transmissivity, i.e albedo at the top of the atmosphere was computed and further corrected to 
surface albedo using Zhong and Li (1988) and Allen et al., (1998) respectively. 
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2) Computation of the vegetation and atmosphere parameters 

The Normalized Difference Vegetation Index (NDVI) for the image was calculated using the difference in reflection of radiance 
in red and near infira red region of the spectrum. For Landsat-7 images, the reflectance for bands 4 (NIR) and 3 (RED) are used to 
calculate NDVI. Calculation of the ratio of the thermal energy radiated by the earth’s surface to the thermal energy radiated by 
black body at the same temperature, i.e, surface emissivity, was done using the relationship developed by Van de Griend and Owe 
(1993). It should be noted that this method is applicable in the range of NDVI=0.16-0.74 and values of surface emissivity should 
not be less than 0.9. The computation of the land surface temperature was based on correcting the effective satellite temperature at 
the capture of the image using the previously calculated surface emissivity. 

3) Calculation of net radiation and soil heat flux 

The net radiation was determined as the residual difference between the sum of incoming short and long wave radiation and the 
outgoing long wave radiation. The incoming short wave radiation was computed as a function of the solar incidence angle, 
relative earth-sun distance and the atmospheric transmissivity while the incoming long wave radiation was calculated based on the 
surface emissivity and observed air temperature as indicated in the Bastiaanssen et al., (1998a) method. The outgoing longwave 
radiation was computed as a function of surface temperature and surface emissivity using the Stefan-Boltzman equation. The soil 
heat flux was determined using a method derived by Bastiaanssen et al., (1998a) which relates the net radiation, surface 
temperature, surface albedo and NDVI to soil heat flux. 

4) Determination of sensible heat flux through an iterative procedure 

Sensible heat flux is the rate of heat loss to the air by convection and conduction, due to a temperature difference. In this case 
study, the sensible heat flux was computed using the heat transport approaches while taking into account aerodynamic resistance 
to heat transport. The initial stage involved calibrating the image temperature differences to the energy balance by deriving and 
using a linear relationship between a wet and dry pixel manually selected from the image. Sensible heat flux is a function of the 
temperature gradient, surface roughness and wind speed. It is thus difficult to compute due to the fact that temperature gradient 
and surface roughness are a function of each other and hence at any time there are two unknowns in this functional relationship. 
This was solved by iteration utilizing Monin-Obukhov similarity theory to correct for the buoyancy effects (Mohamed et al, 
2004). The wind speed at the blending height derived from the ground measurements was used to estimate the surface roughness. 

5) Computation of instantaneous latent heat flux and evaporative fraction 

The instantaneous latent heat flux was computed using Equation 1 above as described by Bastiaanssen et al., (1998a) and an 
evaporative fraction (EF) for each pixel was calculated using Equation 2 by Bastiaanssen, (2000). 


EF-A = 


LE 

Rn-G 


LE 

LE + H 


1 

T+ß 



where ß is the Bowen ratio (H/LE). Computation of evaporative fraction is the last step in the SEBAL algorithm from which other 
moisture indicators are derived from. The advantage of using the evaporative fraction over the Bowen ratio is that the former 
shows less variation during the daytime than Bowen ratio (Farah and Bastiaanssen, 2001; Mohamed et al., 2004) and is equal to 
its daily value integrated over a period of 24hours. The daily actual evapotranspiration can be estimated using Equation 3. 


LE = A(R n24 -G) (3) 


where R n2 4 is the daily (24 hours) net radiation. For a day, the soil heat flux can be assumed negligible, as it balances out during 
the day and night, and hence the daily actual evapotranspiration (mm/day) for the entire image under this case study was 
calculated using Equation 4. 


ET = [ A(R n24 ) / X * p w ]86400 * 10 3 



where X is the latent heat of vaporization (J/kg) and p w is the density of fresh water (kg/m ). The root zone soil moisture content 
was empirically derived from the evaporative fraction using the Ahmed and Bastiaanssen (2003) method as shown in Equation 5, 
i.e: 
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ö _ (A-l)/0.421 
— c 

^sat 



where 0 is the soil moisture content and 0 sat is the saturation soil moisture content. 


5.0 Results and Discussion 

Preliminary analysis of some of the data obtained from the Potshini catchment monitoring network is presented here. 

5.1 Runoff Plots and Soil Moisture 

Preliminary experimental results obtained from the 5 out of 11 runoff plots installed in the Potshini catchment are presented. 
Cumulative surface runoff data and volumetric soil moisture profile from 5 agricultural land use management practices, generally 
categorized as conventional and conservation agricultural practices, for the period between December 2004 and June 2005 is as 
shown in Figures 3 and 4 respectively. The general trend observed from Figure 3 is that, conservation tillage significantly reduces 
surface runoff volumes as compared to conventional tillage practices. Cumulative surface runoff generated under conventional 
tillage amounted to over 1240 litres as compared to 1130, 810, 420, 250 litres under different conservation tillage practices. 
Mulch was not applied in the initial stage of this study for the purpose of progressive comparative analysis in the subsequent 
seasons under mulching. At the moment, all the experimental sites are under grazing; where livestock in the community is freely 
grazing on the plots, save for those where the influence of mulching is being investigated. 



+ Winter cover crop + Pure maize + summer intercrop + summer intercrop 

+ mulching + grazing + grazing + mulching 


Figure 3. Comparison of cumulative surface runoff generated under different agricultural land 
management practices in Potshini 
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+winter cover crop + Pure maize + summer intercropp + summer intercropp 

+mulching + grazing + grazing + mulcing 


Figure 4. Volumetric soil moisture content profile under different agricultural land management 
practices in Potshini: dates- April (21 st , 28 th ,) May (5 th , 13 th , 18 th ) 

Due to instrumentation problems, the duration of soil moisture profile data considered in this case study was from April 2005 
onwards, i.e towards the end of the wet season, with focus in the investigation of the influence of the innovative agricultural land 
management practices to the soil moisture content during dry spells. The volumetric soil moisture data taken at different soil 
depths and dates under different agricultural land management practices (treatments) is shown in Figure 4. The general trend 
depicted in Figure 4 is that the volumetric soil moisture content in all treatments and at all depths is declining due to the influence 
of the dry season. From Figure 4, one can observe the emerging pattem of more soil moisture being retained under conservation 
tillage practices compared to conventional tillage, especially at depths greater than 120cm. This could indicate that conservation 
tillage practices may have an influence to the occurrence of shallow groundwater in the Potshini catchment. This is yet to be 
investigated under this ongoing study. 

5.2 SEBAL Results 

On application of the SEBAL algorithm, two maps were generated, i.e. the day’s spatial variation of actual evapotranspiration 
(Figure 5) and relative root zone soil moisture (Figure 6) over the entire subset image for 2 nd March 2001. Relatively high actual 
evapotranspiration rates are observed to have taken place in areas under active growing crops as seen from Figures 2 and 5. It was 
also observed that the same areas had relatively high NDVI values indicating high vigour of vegetation/crop growth. A 
comparison was done for this day between SEBAL estimates for actual evapotranspiration and from a weather station in 
Bergville, on the same pixel. It was found out that SEBAL over estimated actual evapotranspiration by 1.3mm, with the weather 
station reading being 7.2mm. It was not possible to verify estimates of relative root zone soil moisture in this case study due to 
lack of appropriate data. Nevertheless, SEBAL estimates of relative root zone soil moisture have been verified with measured data 
in other regions (Ahmed and Bastiaanssen, 2003) and have been found to compare well. Further investigation and verification of 
these output form an important part of the next two years investigation. 
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Figure 5. Spatial variation of estimated actual evapotranspiration in the Potshini catchment and 
surrounding areas for 2 nd March 2001 computed using the SEBAL algorithm 
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Figure 6. Spatial variation of relative root soil moisture in the Potshini catchment and surrounding areas for 
2 nd March 2001 computed using the SEBAL algorithm 
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6.0 Conclusion 

A catchment monitoring network has been established at the Pothini catchment and the SEBAL algorithm was used to derive 
actual evapotranspiration and relative root zone soil moisture from a Landsat7-ETM satellite image. Preliminary results on the 
impact of innovative agricultural practices on the field soil-water balance indicate that such practices can reduce surface runoff 
and increase soil moisture content. The relatively small difference observed between estimates of actual evapotranspiration from 
weather station data and SEBAL, and given the fact that SEBAL was applied for a single day, indicates the potential of using 
SEBAL in the Potshini catchment and Thukela river basin (large spatial scales) especially in quantifying actual water use by 
crops/vegetation, e.g forestry in line with the 1998 National Water Act in an effort to manage the river basin’s water resources in 
a sustainable way. 
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